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ABSTRACT
We construct maps of the oxygen abundance distribution across the disks of 88 galaxies using
CALIFA data release 2 (DR2) spectra. The position of the center of a galaxy (coordinates on
the plate) were also taken from the CALIFA DR2. The galaxy inclination, the position angle
of the major axis, and the optical radius were determined from the analysis of the surface
brightnesses in the SDSS g and r bands of the photometric maps of SDSS data release 9. We
explore the global azimuthal abundance asymmetry in the disks of the CALIFA galaxies and
the presence of a break in the radial oxygen abundance distribution. We found that there is
no significant global azimuthal asymmetry for our sample of galaxies, i.e., the asymmetry is
small, usually lower than 0.05 dex. The scatter in oxygen abundances around the abundance
gradient has a comparable value, . 0.05 dex. A significant (possibly dominant) fraction of the
asymmetry can be attributed to the uncertainties in the geometrical parameters of these galax-
ies. There is evidence for a flattening of the radial abundance gradient in the central part of 18
galaxies. We also estimated the geometric parameters (coordinates of the center, the galaxy
inclination and the position angle of the major axis) of our galaxies from the analysis of the
abundance map. The photometry-map-based and the abundance-map-based geometrical pa-
rameters are relatively close to each other for the majority of the galaxies but the discrepancy
is large for a few galaxies with a flat radial abundance gradient.
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1 INTRODUCTION
It has been well known for a long time that the disks of spiral
galaxies show negative radial abundance gradients, in the sense that
the abundance is higher at the centre and decreases with galacto-
centric distance (Searle 1971; Smith 1975). It is a common prac-
tice to describe the nebular abundance distribution across the disk
of a galaxy by the relation between oxygen abundance O/H and
galactocentric distance Rg and to specify this distribution by the
characteristic abundance (the abundance at a given galactocentric
distance, e.g., abundance at the centre of the disk) and by the ra-
dial abundance gradient. Relations of this type were determined
for many galaxies by different authors (Vila-Costas & Edmunds
1992; Zaritsky et al. 1994; Pilyugin et al. 2006, 2007, 2014a, 2015;
Moustakas et al. 2010; Gusev et al. 2012; Sa´nchez et al. 2014;
Sa´nchez-Menguiano et al. 2016, among many others). Such rela-
tions are based on the assumption that the abundance distribution
across the disk is axisymmetric.
The azimuthal abundance variations across the disk of a
galaxy were discussed in a number of papers. The dispersion in
abundance at fixed radius (the scatter around the general O/H – Rg
trend, residuals) is used as the measure of the azimuthal abundance
variations (e.g. Kennicutt & Garnett 1996; Martin & Belley 1996;
Bresolin 2011; Li, Bresolin & Kennicutt 2013; Berg et al. 2015;
Croxall et al. 2015). The number of data points in such investiga-
tions is usually small. The two-dimensional abundance distribution
was analyzed for the galaxy NGC 628 (Rosales-Ortega et al. 2011).
The observations obtained by the CALIFA survey (Calar Alto
Legacy Integral Field Area survey; Sa´nchez et al. 2012) provide the
possibility to construct abundance maps for disk galaxies. This al-
lows one to investigate the distribution of abundances across the
disk in detail, in particular the global azimuthal asymmetry of abun-
dance in the disks of galaxies. We define the global azimuthal
asymmetry in abundance in the following way. We divide the target
galaxy into two semicircles and determine the difference between
the arithmetic means of the residuals for the opposite semicircles.
The differences are determined for the different position angles of
the dividing line. The maximum absolute value of this difference is
adopted as a measure of the global azimuthal asymmetry of abun-
dance in the disk of a galaxy. In the present work, we will deter-
mine the values of the global azimuthal abundance asymmetry in
the disks of the CALIFA galaxies and compare them with the level
of azimuthal abundance variations.
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Thus, the goal of this investigation is to construct maps of the
oxygen abundance distribution in the disks of the selected CALIFA
galaxies and to use those maps to explore the presence (or lack) of
a global azimuthal asymmetry in the oxygen abundance as well the
existence of a break in the radial oxygen abundance distribution,
e.g., a flattening of the radial abundance gradient at the central part
of a galaxy. Evidence for a decrease of the oxygen abundances in
the central parts of a number of the CALIFA galaxies was found by
Sa´nchez et al. (2014).
We also examine whether the geometric parameters of a
galaxy (coordinates of the center, inclination and position angle of
the major axis) can be estimated from the analysis of the abun-
dance map. The geometric parameters of a galaxy are usually de-
termined from the analysis of the photometric or/and velocity map
of the galaxy under the assumption that the surface brightness of
the galaxy (or the velocity field) is a function of the radius only,
i.e., that there is no azimuthal asymmetry in brightness (or ve-
locity). Since the metallicity in the disk is also a function of the
galactocentric distance one may expect that the abundance map can
also be used for the determination of the geometric parameters of a
galaxy. We will determine the “chemical” (abundance-map-based)
geometrical parameters of our galaxies and compare them to their
“photometric” (canonical, photometry-map-based) geometrical pa-
rameters.
The paper is organized in the following way. The algorithm
employed in our study is described in the Section 2. The results
and discussion are given in Section 3. Section 4 is a brief summary.
Throughout the paper, we will use the following notations for
the line fluxes: R2 = I[OII]λ3727+λ3729/IHβ, N2 = I[NII]λ6548+λ6584/IHβ,
S 2 = I[SII]λ6717+λ6731/IHβ, R3 = I[OIII]λ4959+λ5007/IHβ. The units of the
wavelengths are angstroms.
2 ALGORITHM
2.1 The emission line fluxes
We used publicly available spectra from the integral field spectro-
scopic CALIFA survey data release 2 (DR2; Sa´nchez et al. 2012;
Garcı´a-Benito et al. 2014; Walcher et al. 2014) based on obser-
vations with the PMAS/PPAK integral field spectrophotometer
mounted on the Calar Alto 3.5-meter telescope. CALIFA DR2 pro-
vides wide-field IFU data for 200 galaxies. In Fig. 1 we present an
example of SDSS images of six galaxies. The data for each galaxy
consist of two spectral datacubes, which cover the spectral regions
of 4300–7000 Å at a spectral resolution of R ∼ 850 (setup V500)
and of 3700–5000 Å at R ∼ 1650 (setup V1200).
The spectrum of each spaxel from the CALIFA DR2 dat-
acubes (setup V500) is processed into two steps.
First, the stellar background in all spaxels is fitted using
the public version of the STARLIGHT code (Cid Fernandes et al.
2005; Mateus et al. 2006; Asari et al. 2007). We use a set of 45 syn-
thetic simple stellar population (SSP) spectra with metallicities Z =
0.004, 0.02, and 0.05, and 15 ages from 1 Myr up to 13 Gyr from
the evolutionary synthesis models of Bruzual & Charlot (2003)
and the reddening law of Cardelli, Clayton & Mathis (1989) with
RV = 3.1. The resulting stellar radiation contribution is subtracted
from the measured spectrum in order to find the nebular emission
spectrum. Second, the emission lines are fitted by Gaussians. The
widths of the individual lines of the doublets [OIII]λλ4959,5007,
[NII]λλ6548,6584, and [SII]λλ6717,6731 are set to be equal to
each other for each doublet. Since only the low resolution (V500
setup) spectra are used the [OII]λλ3727,3729 doublet is fitted by a
single Gaussian. Applying χ2 minimization, the estimation of the
flux error relies on the χ2 quadratic approximation in the neighbor-
hood of the χ2 minimum based on a Hessian matrix.
For each spectrum, we measure the fluxes of the
[O ii]λ3727+λ3729, Hβ, [O iii]λ4959, [O iii]λ5007, [N ii]λ6548,
Hα, [N ii]λ6584, [S ii]λ6717, [S ii]λ6731 lines. The measured line
fluxes are corrected for interstellar reddening using the theoretical
Hα to Hβ ratio (i.e., the standard value of Hα/Hβ = 2.86) and the
analytical approximation of the Whitford interstellar reddening
law from Izotov et al. (1994). When the measured value of Hα/Hβ
is lower than 2.86 the reddening is adopted to be zero.
The [O iii]λ5007 and λ4959 lines originate from transitions
from the same energy level, so their flux ratio is determined
only by the transition probability ratio, which is very close to 3
(Storey & Zeippen 2000). The stronger line [O iii]λ5007 is usually
measured with higher precision than the weaker line [O iii]λ4959.
Therefore, the value of R3 is estimated as R3 = 1.33 [O iii]λ5007 but
not as a sum of the line fluxes. Similarly, the [N ii]λ6584 and λ6548
lines also originate from transitions from the same energy level and
the transition probability ratio for those lines is again close to 3
(Storey & Zeippen 2000). The value of N2 is therefore estimated
as N2 = 1.33 [N ii]λ6584. Thus, the lines Hβ, [O iii]λ5007, Hα,
[N ii]λ6584, [S ii]λ6717, and [S ii]λ6731 are used for the deredden-
ing and the abundance determinations. The precision of the line
flux is specified by the ratio of the flux to the flux error (parameter
ǫ). We select spectra where the parameter ǫ ≥ 3 for each of those
lines.
2.2 Abundance determinations
If weak auroral lines such as such as [O iii]λ4363 are detected
in the spectrum of an H ii region the oxygen abundance can
be derived using the direct Te method, which is considered to
yield the most reliable nebular oxygen abundance determinations
(e.g., Dinerstein 1990). This method requires the measurement of
reddening-corrected diagnostic line ratios and knowledge of the lo-
cal physical conditions (i.e., the effective tempeature of the gas, Te,
and its electron density). Te is then usually determined from the
intensity ratio of the auroral to nebular lines of doubly ionized oxy-
gen; in other words, directly from the observed line ratios (hence
the name “direct Te method”). A short description of the required
steps is given in Dinerstein (1990). More details can be found in
Aller (1984) and Osterbrock (1989).
In our current study, the oxygen abundances will be deter-
mined through a strong-line method (the C method (Pilyugin et al.
2012, 2013)) since the auroral lines are undetectable in the ma-
jority of the CALIFA spectra (Marino et al. 2013) and, conse-
quently, the Te method cannot be applied. The C method is
based on the assumption that H ii regions with a similar combi-
nation of intensities of metallicity-sensitive strong emission lines
have similar abundances. When the strong lines [O iii]λ4959,5007,
[N ii]λ6548,6584, and [S ii]λ6717,6731 are measured in the spec-
trum of an H ii region the oxygen (O/H)CNS abundance can be deter-
mined. When the strong lines [O ii]λ3727,3729, [O iii]λ4959,5007,
and [N ii]λ6548,6584 are measured in the spectrum then we can
determine the oxygen (O/H)CON abundance.
Since the oxygen line [O ii]λ3727+λ3729 is not available or
noisy in many spectra of the CALIFA-V500 setup the CNS variant
of the C method is used for the abundance determination in the H ii
regions. It should be emphasized that our analysis is restricted to
the V500 setup data.
MNRAS 000, 000–000 (0000)
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NGC 2410 NGC 3811 NGC 6132
NGC 7549 UGC 3253 UGC 11792
Figure 1. An example of SDSS images of CALIFA galaxies from our sample.
In order to improve the accuracy of the C method we
have updated our sample of reference H ii regions that are
used for the abundance determination with this method.
New spectral measurements of H ii regions with detected
auroral lines were added to our collection (Berg et al.
2012; Izotov, Thuan & Guseva 2012; Zurita & Bresolin
2012; Berg et al. 2013; Haurberg, Rosenberg & Salzer
2013; Li, Bresolin & Kennicutt 2013; Skillman et al. 2013;
Brown, Croxall & Pogge 2014; Esteban et al. 2014; Nicholls et al.
2014; Annibali et al. 2015; Berg et al. 2015; Croxall et al. 2015;
Haurberg et al. 2015). The abundances in those H ii regions
were determined through the Te method. The realization of the
Te method, i.e., the equations of the Te method that serve to
convert the values of the line fluxes to electron temperatures and
abundances, are described in numerous papers (e.g., Pagel et al.
1992; Izotov et al. 2006; Pilyugin et al. 2010). The equations
adopted in our current study were derived from the five-level
atom solution with recent atomic data (Einstein coefficients for
spontaneous transitions, energy level data, and effective cross
sections for electron impact) in Pilyugin et al. (2010). Using the
collected data with Te-based abundances we select a sample of
reference H ii regions following Pilyugin et al. (2013), i.e., we
select a sample of reference H ii regions for which the absolute
differences of the oxygen abundances (O/H)CON – (O/H)Te and
(O/H)CNS – (O/H)Te and of the nitrogen abundances (N/H)CON
– (N/H)Te and (N/H)CNS – (N/H)Te are less than 0.1 dex. This
sample of reference H ii regions contains 313 objects and will be
used for the abundance determinations in the present paper. This
sample of H ii regions has been also used as calibration data in the
construction of a new calibration for abundance determinations
in H ii regions (Pilyugin & Grebel 2016). The good agreement
between the calibration-based and Te-based abundances suggests
that our reference sample does indeed contain H ii regions with
reliable oxygen abundances (O/H)Te . We determine the oxygen
abundance in the target object by comparing it with 30 counterpart
reference H ii regions in order to decrease the influence of the
uncertainties in the oxygen abundances of the individual reference
H ii regions on the resulting abundance of the target objects.
Since the abundances produced by the C method and Te
method are close to each other our approach is very similar
to using the empirical metallicity scale defined by H ii regions
with oxygen abundances derived through the direct method (Te
method). This conclusion has been confirmed in our recent stud-
ies (Pilyugin et al. 2015; Zinchenko et al. 2015). It has been well
known for a long time that the oxygen abundances produced by
the calibrations based on H ii regions with Te-based measurements
and calibrations based on photoionization models can differ by up
to 0.7 dex (e.g., Pilyugin et al. 2001, 2003b; Kewley & Ellison
2008; Moustakas et al. 2010; Lo´pez-Sa´nchez & Esteban 2010;
Bresolin et al. 2009, 2012).
There are different types of objects with emission-line spec-
tra, e.g., H ii region-like objects, AGN-like objects, and LINER-
like objects. The intensities of the strong lines can be used
to separate different types of emission-line objects according
to their main excitation mechanism. Baldwin et al. (1981) pro-
posed a diagnostic diagram (the so-called BPT classification di-
agram) where the excitation properties of H ii regions are es-
tablished from the [N ii]λ6584/Hα and [O iii]λ5007/Hβ line ra-
tios. The location of the different classes of the emission-line ob-
jects in the [N ii]λ6584/Hα and [O iii]λ5007/Hβ and other dia-
grams were investigated in many studies (e.g., Kewley et al. 2001;
Kauffmann et al. 2003; Stasin´ska et al. 2006; Singh et al. 2013;
Vogt et al. 2014; Belfiore et al. 2015; Sa´nchez et al. 2015b). The
exact location of the dividing line between H ii regions and AGNs
is still under debate.
The demarcation line of Kauffmann et al. (2003) in the
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Figure 2. NGC 3811. Panel a shows the BPT diagnostic diagram
(Baldwin et al. 1981). The solid and dashed curves are the boundary be-
tween AGNs and H ii regions defined by Kauffmann et al. (2003) and
Kewley et al. (2001), respectively. The light-blue filled circles show the
large sample of emission-line SDSS galaxies studied by Thuan et al.
(2010). The red points are AGN-like objects in NGC3811 accord-
ing to the dividing line of Kewley et al. (2001). The black points are
H ii-region-like objects in NGC3811 according to the dividing line of
Kauffmann et al. (2003). The dark-blue points are “intermediate” objects
in NGC3811 located between the dividing lines of Kauffmann et al. (2003)
and Kewley et al. (2001). Panel b shows the locations of the AGN-like,
H ii-region-like, and “intermediate” objects in NGC3811 in the deprojected
image of the galaxy. Panel c shows the radial distribution of oxygen abun-
dances in the disk of the galaxy NGC3811 traced by the H ii-region-like
(black points) and “intermediate” (cyan-colored crosses) objects.
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Figure 3. NGC 2410. The panels and symbols are the same as in Fig. 2.
[N ii]λ6584/Hα vs. [O iii]λ5007/Hβ diagram seems to be the most
stringent condition to select true H ii regions (Vogt et al. 2014).
However, an appreciable fraction of H ii regions is located to
the right (thus on the “wrong” side) of this demarcation line
(Sa´nchez et al. 2015b). The goal of the current study is to con-
struct metallicity maps of galaxies. Thus we are interested in us-
ing as many points as possible. Some H ii regions are lost when the
demarcation line of Kauffmann et al. (2003) is adopted. Can one
avoid the loss of data points with reliable C-based abundances?
Panel a of Fig. 2 shows the [N ii]λ6584/Hα vs. [O iii]λ5007/Hβ
diagram for the spectra of individual spaxels in the galaxy
MNRAS 000, 000–000 (0000)
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NGC 3811. Solid and dashed curves mark the boundary between
AGNs and H ii regions defined by Kauffmann et al. (2003) and
Kewley et al. (2001), respectively. The light-blue filled circles
show the large sample of emission-line SDSS galaxies studied by
Thuan et al. (2010). The red points indicate AGN-like objects in
NGC3811 according to the dividing line of Kewley et al. (2001).
The black points represent H ii-region-like objects in NGC3811
according to the dividing line of Kauffmann et al. (2003). The
dark-blue points are “intermediate” objects in NGC 3811 lo-
cated between the dividing lines of Kauffmann et al. (2003) and
Kewley et al. (2001). Panel b shows the locations of the AGN-like,
H ii-region-like, and “intermediate” objects in NGC 3811 in the de-
projected face-on image of the galaxy. Panel c shows the radial dis-
tribution of oxygen abundances in the disk of the galaxy NGC 3811
traced by the H ii-region-like and “intermediate” objects. Fig. 3
shows similar diagrams for NGC 2410. The BPT diagram for NGC
2410 differs from that for NGC 3811. There is a well-defined AGN
branch in the case of NGC 2410. Panels c in Fig. 2 and Fig. 3 clearly
show that the abundances of the intermediate objects closely fol-
low the general radial oxygen abundance trends traced by the H ii
regions selected with the dividing line of Kauffmann et al. (2003).
Therefore the demarcation line of Kewley et al. (2001) is adopted
here.
It should be emphasized that we do not claim to establish the
exact locus of the boundary between the H ii region-like and other
classes of emission line objects. We only illustrate that the C-based
abundances in the objects located left of (or below) the demarcation
line of Kauffmann et al. (2003) and the objects located between the
demarcation lines of Kauffmann et al. (2003) and Kewley et al.
(2001) show the same radial oxygen abundance trend in the disks
of our target galaxies.
2.3 The radial abundance gradient
The galaxy inclination and position angle of the major axis are esti-
mated from the analysis of the surface brightness map in the r band
of the Sloan Digital Sky Survey (SDSS). We constructed radial sur-
face brightness profiles in the SDSS g and r bands using the photo-
metric maps of SDSS data release 9 (Ahn et al. 2012) in the same
way as in Pilyugin et al. (2014b). The optical isophotal radius R25
of a galaxy is determined from the analysis of the surface bright-
ness profiles in the SDSS g and r bands converted to the Vega B
band. We use the spaxel coordinates of the CALIFA plates. The lo-
cation of the center of the galaxy is at X0 and Y0. The galactocentric
X-coordinate is the right ascension offset with opposite sign. The
galactocentric Y-coordinate is the declination offset. Since the size
of a spaxel is equal to one arcsec the offset in spaxels is equal to the
offset in arcsec. We also use fractional radii, i.e., radii normalized
to the optical isophotal radius R25.
The radial oxygen abundance distribution within the optical
isophotal radius of the disk, R25, is fitted by the following expres-
sion, which will be referred to as the O/H – RG relation:
12 + log(O/H) = 12 + log(O/H)0 + grad × (R/R25), (1)
where 12 + log(O/H)0 is the oxygen abundance at R0 = 0, i.e.,
the extrapolated central oxygen abundance, grad is the slope of
the oxygen abundance gradient expressed in terms of dex R−125 , and
R/R25 is the fractional radius (the galactocentric distance normal-
ized to the disk’s isophotal radius R25). If there is an abundance
depletion in the central part of the disk then this part is excluded
from the gradient estimation (for more details see Section 3.4).
The radial abundance gradient obtained using the geometrical
parameters of a galaxy from an analysis of the surface brightness
map will be referred as case A. The radial abundance gradient ob-
tained using the geometrical parameters based on an analysis of the
abundance map will be referred as case C (see below).
2.4 The azimuthal asymmetry
We examine the global azimuthal asymmetry in the oxygen abun-
dance distribution across the disk of a galaxy. We divide the galaxy
into two semicircles by a dividing line at a position angle A. For a
fixed value of the angle A, we determine the arithmetic mean of the
deviations d(O/H)1 from the O/H −RG relation for spaxels with az-
imuthal angles from A to A + 180 and the mean deviation d(O/H)2
for spaxels with azimuthal angles from A + 180 to A + 360. The
absolute value of the difference d(O/H) = d(O/H)1 − d(O/H)2 is
determined for different positions of A. The position of A is counted
counterclockwise from the Y-axis (dashed line in panel a of Fig. 4)
and is changed with a step size of 3◦ in the computations in both
the A and the C cases. The maximum absolute value of the dif-
ference d(O/H) is used to specify the global azimuthal asymmetry
in the abundance distribution across the galaxy. The position angle
of the dividing line marking the maximum absolute value of the
difference d(O/H) will be referred to as the azimuthal asymmetry
angle.
2.5 The determination of the geometric parameters of a
galaxy from the analysis of the abundance map
Accurate geometric parameters of a galaxy (position of the center
of a galaxy, inclination angle, and the position angle of the major
axis) should be available for the determination of a reliable galac-
tocentric distance of an H ii region (spaxel). In the present study,
the position of the center of the galaxy is described by the coor-
dinates X0 and Y0 of the center of the galaxy in the CCD images.
It is a canonical way to determine the geometric parameters of a
galaxy from the analysis of the photometric or/and velocity map of
the galaxy. It is assumed that the surface brightness distribution (or
velocity field) is axisymmetric. Since the metallicity in the disk is a
function of the galactocentric distance one can expect that the abun-
dance map can also be used for the determination of the geometric
parameters of a galaxy. Here we examine whether the geometric
parameters of a galaxy can be estimated from the analysis of the
abundance map.
Hence, in addition we obtain the geometric parameters of our
galaxies from the analysis of the abundance map. We search for
a set of four parameters: the position of the galaxy center on the
CALIFA plate (the X0 and Y0 coordinates in spaxels), the inclina-
tion i of the galaxy, and the position angle PA of the major axis.
We determine those parameters from the requirement that the cor-
relation coefficient between oxygen abundance and galactocentric
distance is maximum or the scatter around O/H – Rg relation is
minimum. It should be emphasized that both conditions result in
the same values of the geometrical parameters. We use the data
points within the optical radius of the galaxy. If there is a flatten-
ing of the metallicity distribution in the central part of the galaxy
then this area is excluded from the analysis. The optical radius of a
galaxy R25 is fixed and comes from the analysis of the photometric
map.
Fig. 4 illustrates the application of the described algorithm.
The galaxy NGC 6132 is a spiral Sab galaxy (morphological type
T = 2.0) at a distance of 76.5 Mpc (leda,ned). Our analysis of the
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Figure 4. NGC 6132. The panels show the properties of the abundance distribution in the disk of the galaxy determined with deprojected galactocentric
distances of the spaxels for the geometrical parameters of the galaxy obtained from the analysis of the photometric map (left column panels, case A) and with
deprojected galactocentric distances of the spaxels for the geometrical parameters of the galaxy obtained from the analysis of the abundance map (right column
panels, case C). Panel a in each column shows the locations of the spaxels with different abundance deviations from the O/H – Rg relation in the deprojected
image of the galaxy. The dark-blue squares are spaxels with d(O/H) ≤ −0.10 dex, the light-blue squares stand for spaxels with −0.10 < d(O/H) ≤ −0.05
dex, the green squares indicate spaxels with −0.05 < d(O/H) ≤ 0.05 dex, the light-brown squares represent spaxels with 0.05 < d(O/H) ≤ 0.10 dex, and the
dark-brown squares indicate spaxels with 0.10 < d(O/H). The dashed circle marks the isophotal radius R25, and the cross marks the center of the galaxy. Panel
b shows the radial distribution of oxygen abundances in the disk of the target galaxy. The black points indicate the abundances of individual spaxels, and the
red-dashed line is the linear best fit to those data points. Panel c shows the normalized histogram of oxygen abundance deviations from the O/H – Rg relation.
Panel d shows the arithmetic means of the deviations from the O/H −Rg relation for the spaxels within the sector with azimuthal angles from A to A + 180
(blue curve) and from A + 180 to A + 360 (red curve), and the absolute value of difference between those means (points) as a function of angle A. The dashed
line in panel a shows the dividing line for A = 0. The figures for other galaxies from our sample are available online.
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r-band SDSS map results in an inclination angle i = 68◦ with a
position angle of the major axis of PA = 125◦. The angular op-
tical radius of the galaxy is 0.56 arcmin. This results in a linear
optical radius R25 = 12.46 kpc for the adopted distance. The left-
column panels of Fig. 4 show the properties of the abundance dis-
tribution across the disk of NGC 6132 where the deprojected radii
of the H ii regions (spaxels) were computed using the geometric
parameters of the galaxy obtained from the photometric map, case
A. From the analysis of the abundance map, we obtained the posi-
tion of the “chemical center” of the galaxy at X0 = 34.3 spaxels,
Y0 = 34.3 spaxels, a position angle of the major axis of PA = 126◦,
and an inclination angle i = 69◦. The panels in the right col-
umn of Fig. 4 show the properties of the abundance distribution
across the disk of NGC 6132 where the deprojected radii of the
H ii regions were computed using the geometric parameters of case
C. The abundance-map-based geometrical parameters will be esti-
mated for each CALIFA galaxy of our sample below. The compari-
son between the photometry-map-based and abundance-map-based
geometrical parameters can tell us something about the credibility
of the abundance-map-based geometrical parameters of galaxies.
3 RESULTS
3.1 Our sample
We consider late-type galaxies from the CALIFA DR2 list. We in-
clude in our sample galaxies with morphological type Sa and later
types for which the following conditions are fulfilled: a) the num-
ber of spaxels with measured Hβ, [O iii]λ5007, Hα, [N ii]λ6584,
[S ii]λ6717, and [S ii]λ6731 emission lines is larger than a few hun-
dreds; b) those spaxels are distributed along the radius and with the
azimuthal angle in such way that the radial abundance trend and
azimuthal variations in the oxygen abundances can be investigated.
The number of the data points is usually larger than three hundred
for each of the selected galaxies, but we also included three galax-
ies with 213, 299, and 176 data points, respectively. Of course, the
procedure of including/rejecting galaxies in our sample is some-
what arbitrary.
The C-based abundances in some galaxies (e.g., UGC 312,
UGC 7012) show unusually large scatter. The difference between
maximum and minimum oxygen abundances at a given galactocen-
tric distance can be as large as up to an order of magnitude. This
prevents a reliable determination of the radial abundance trend and
the azimuthal variations in oxygen abundances. When we consider
only the spaxels where the flux to the flux error ǫ > 5 for each line
(instead of ǫ > 3) then the scatter significantly decreases. This sug-
gests that the large scatter in the oxygen abundances in those galax-
ies seems to be artificial and can be attributed to the uncertainty
in the flux measurements or/and to the uncertainty in the oxygen
abundance determinations through the C method. Those galaxies
(eight galaxies) were excluded from further consideration. We also
excluded three galaxies (NGC 825, NGC 2906, and UGC 3995)
with very flat (>
∼
− 0.05 dex) radial abundance gradients where we
cannot estimate the geometrical parameters of the galaxy from the
abundance map. Our final sample contains 88 CALIFA galaxies.
Table A1 lists the general characteristics of each galaxy: mor-
phological type, isophotal radius R25, and distance. Table A2 lists
the obtained properties of the oxygen abundance distributions in the
disks of our sample of CALIFA galaxies for both the photometric
and abundance-map derived geometric parameters.
Figure 5 summarizes the properties of our sample of CAL-
IFA galaxies. Figure 5 shows histograms of the distances (panel
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Figure 5. Histograms of distances (panel a), optical radii R25 (panel b),
morphological T types (panel c), and central oxygen abundances 12 +
log(O/H)0 (panel d) for our sample of galaxies.
a), optical radii R25 (panel b), morphological T types (panel c),
and central oxygen abundances 12 + log(O/H)0 (panel d) for our
galaxy sample. The optical radii of our galaxies range from ∼ 5
kpc to ∼ 25 kpc, but galaxies with radii between 10 and 16 kpc
occur most frequently. The central oxygen abundances of most of
the galaxies have a value between 12 + log(O/H)0 = 8.5 and 12 +
log(O/H)0 = 8.7.
A number of galaxies of our sample have a large inclina-
tion angle, i>
∼
70◦. Can one obtain a reliable deprojected abun-
dance map for such galaxies? A satisfactory agreement between
the photometry-map-based values and abundance-map-based geo-
metrical parameters of such galaxies (as well as between the val-
ues of the radial abundance gradients obtained with photometry-
map-based and abundance-map-based geometrical parameters; Ta-
ble A2) can be considered as evidence in favor that reliable depro-
jected abundance maps can be obtained from the CALIFA mea-
surements even for galaxies with an inclination up to about 80◦.
Figure 6 shows the results for the galaxy UGC 11792 which is an
example of a galaxy with high inclination, i = 77◦.
3.2 Comparison of the abundance-based and
photometric-based geometrical parameters
Panel a1 of Fig. 7 shows the differences between the coordinates
of the center obtained from the analysis of the photometric maps
and the coordinates obtained from the analysis of the abundance
maps (the differences in the X0 coordinates are presented by cir-
cles and the difference in the Y0 coordinates by the plus signs)
as a function of the radial abundance gradient across the optical
disk of a galaxy. Panel a2 of Fig. 7 shows the differences between
the coordinates of the center as a function of the azimuthal asym-
metry in the abundance within the optical disk of a galaxy. The
photometry-map-based radial abundance gradient and asymmetry
value are plotted along the X-axis. Inspection of Fig. 7 and Ta-
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Figure 6. The galaxy UGC 11792 is a galaxy with high inclination, i = 77◦. The panels and symbols are the same as in Fig. 4.
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Figure 7. The difference between the geometric parameters of a galaxy (position of the center of a galaxy X0, Y0 (panels a1, a2), the inclination angle i
(panels b1, b2), and the position angle of the major axis PA (panels c1, c2)) determined from the analysis of the abundance map and photometric map of the
galaxy. The difference is plotted as a function of the radial oxygen abundance gradient across the disk (left column panels) and azimuthal asymmetry of the
oxygen abundances (right column panels). The photometry-map-based radial oxygen abundance gradient and azimuthal asymmetry value (case A in the text
and in the previous figures) are plotted along the X-axis. Panels d1 and d2 show the difference between central oxygen abundances of the disk obtained with
abundance-map-based and photometry-map-based geometrical parameters of a galaxy as a function of the radial abundance gradient (panel d1) and azimuthal
asymmetry (panel d2). Panels e1 and e2 show the difference between radial oxygen abundance gradients across the disk obtained with abundance-map-based
and photometry-map-based geometrical parameters of a galaxy as a function of the radial abundance gradient (panel e1) and azimuthal asymmetry (panel e2).
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ble A2 show that the photometry-map-based and abundance-map-
based coordinates of the centers of galaxies usually agree within 2
– 3 spaxels, i.e., the inferred photometric and chemical centers of
a galaxy are usually close to each other. However, there is a large
(more than 5 spaxels) disagreement between the photometry-map-
based and the abundance-map-based coordinates of the centers for
some galaxies with flat radial abundance gradients.
Panels b1 and b2 of Fig. 7 show the comparison between the
inclination angle iA obtained from the analysis of the photometric
maps and the inclination angle iC obtained from the analysis of the
abundance maps. Panels c1 and c2 of Fig. 7 show the comparison
between the position angle of the major axis PAA obtained from the
analysis of the photometric maps and the position angle of the ma-
jor axis PAC obtained from the analysis of the abundance maps. In-
spection of Fig. 7 shows that the inclination angles and the position
angle of the major axis derived from the analysis of the abundance
maps are rather close to those obtained from the analysis of the
photometric maps for the majority of our galaxies. Again, there is a
large (more than 10◦) disagreement between the photometry-map-
based and the abundance-map-based inclination angles for some
galaxies with flat radial abundance gradients. A flat radial abun-
dance gradient (i.e., small variations of the abundance with radius)
makes the accurate determination of the geometrical parameters of
a galaxy from the analysis of the abundance map difficult.
The galaxy NGC 171, which has a relatively steep radial abun-
dance gradient, −0.25 dex R−125 , also shows a large disagreement
between the photometry-map-based and the abundance-map-based
values of the inclination angle iA − iC (panel b1 of Fig. 7) and be-
tween the values of the position angle of the major axis PAA − PAC
(panel c1 of Fig. 7). The inclination angle of the galaxy NGC 171
is small; iA = 20◦. Therefore, the determined radial abundance gra-
dient is not very sensitive to the values of (and error in) the values
of the inclination angle and the position angle of the major axis.
Hence, both the photometry-map-based and the abundance-map-
based values of the inclination angle and of the position angle of
the major axis can be rather uncertain.
Panels d1 and d2 show the difference between the cen-
tral oxygen abundances of the disk 12+log(O/H)0 obtained with
photometry-map-based and abundance-map-based geometrical pa-
rameters of a galaxy as a function of the radial abundance gradi-
ent (panel d1) and asymmetry parameter (panel d2). The differ-
ence in the central oxygen abundance is usually small, less than
0.02 dex. Panels e1 and e2 show the difference between radial
abundance gradients across the disk obtained with photometry-
map-based and abundance-map-based geometrical parameters of a
galaxy as a function of the radial abundance gradient (panel e1) and
asymmetry parameter (panel e2). The difference is small (less than
0.05 dex R−125 ) but for some galaxies it can be up to 0.1 dex R−125 .
Thus, the geometrical parameters of a galaxy can be estimated
from the analysis of the abundance map.
3.3 Azimuthal asymmetry of the abundances in the disk
Fig. 4 shows the galaxy NGC 6132, which is a galaxy with possible
azimuthal asymmetry in the oxygen abundance in the disk. Indeed,
the upper left panel of Fig. 4 shows that the points with positive
oxygen abundance deviations (brown points) from the general ra-
dial abundance trend are usually located in the opposite semicircle
than the points with negative oxygen abundance deviations (blue
points). The difference between the means of the residuals in two
semicircles divided by the line with an angle A = 147◦ is ∼0.046
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Figure 8. Panel a shows the value (dex) of azimuthal asymmetry in the
oxygen abundances in the disk of a galaxy as a function of the scatter (dex)
in oxygen abundances around the O/H −Rg relation for our sample of galax-
ies for case A (with geometric parameters of a galaxy determined from the
analysis of the photometric map). Panel b shows the comparison between
the values of the scatter for case A and case C (with geometric parameters
of a galaxy determined from the analysis of the abundance map). Panel c
shows the comparison between the values of the azimuthal asymmetry for
case A and C. Panel d shows the value of azimuthal asymmetry as a function
of the scatter for case C.
dex. The scatter σ in oxygen abundances around the O/H – Rg re-
lation is 0.051 dex.
Let us clarify how significant this value of azimuthal asym-
metry is. Panel a of Fig. 8 shows the value of azimuthal asymme-
try in the oxygen abundance in the disk of a galaxy as a function
of the scatter σ in oxygen abundances around the O/H −Rg rela-
tion for our sample of galaxies for the case A. The values of the
global azimuthal asymmetry are small and exceed 0.04 dex for a
few galaxies only.
Inspection of panel a of Fig. 8 shows that there is a correla-
tion between the value of azimuthal asymmetry and the value of
the azimuthal variation (scatter σ around of the O/H −Rg trend) in
oxygen abundance for the case A. On the one hand, this correla-
tion may suggest that the azimuthal asymmetry makes a significant
contribution to the scatter around the O/H – Rg relation. This is
the case if the global azimuthal asymmetry is real. On the other
hand, the obtained azimuthal asymmetry may be artificial and can
be caused by the uncertainties in the geometrical parameters of a
galaxy or/and by the azimuthal asymmetry of the error in oxygen
abundance. Since the geometric parameters for case C are derived
by minimizing the scatter around the O/H −Rg relation while the
geometric parameters for case A are derived from the analysis of
the photometric maps, the comparison of the azimuthal asymmetry
and scatter for case A and case C allows us to check whether the
obtained value of the azimuthal asymmetry for case A is real.
The values of the scatter σ in oxygen abundances around the
O/H −Rg relation for case A are close to the ones for case C (panel
b of Fig. 8). In contrast, the values of azimuthal asymmetry in the
oxygen abundance for case C are significantly lower than those
for case A (panel c of Fig. 8). The values of the global azimuthal
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Figure 9. Simulation of the azimuthal asymmetry parameters. Models with
abundance gradient values of −0.15 and −0.3 dex R−125 and four values of
the scatter in the oxygen abundances, 0.02, 0.03, 0.04, and 0.05 dex, were
considered. A random deviation of the position of the galaxy center, incli-
nation, and the position of the major axis was introduced to simulate the
uncertainties in the geometrical parameters. The panels and symbols are the
same as in Fig. 8.
asymmetry are significantly smaller than the values of the scatter
σ in oxygen abundances around the O/H −Rg relation for case C
(panel d of Fig. 8). Thus, the panels b, c, and d of Fig. 8 suggest
that the scatter σ in oxygen abundances around the O/H −Rg rela-
tion cannot be attributed to the global azimuthal asymmetry in the
oxygen abundance distribution. The azimuthal asymmetry obtained
for case A (with photometry-map-based geometrical parameters)
seems to be artificial and may be caused by the uncertainties in the
geometrical parameters of a galaxy at least in some galaxies.
To verify whether the values of the global azimuthal asymme-
try for the case A can be caused by uncertainties in the geometrical
parameters of a galaxy obtained from the analysis of the photo-
metric map, the following numerical experiment was performed. A
disk model including 400 points randomly distributed across the
disk was constructed. The oxygen abundance in each point was
determined from the adopted radial abundance gradient. Then the
random error was added to the oxygen abundance in each point
in a such way that the random abundance errors follow a Gaus-
sian with an adopted scatter σ. Two values of the abundance gra-
dient, −0.15 and −0.3 dex R−125 , and four values of the scatter in
oxygen abundances, σ = 0.02, 0.03, 0.04, 0.05 dex, were consid-
ered. Thus, eight disk models were examined. We considered three
values of the initial inclination of a galaxy, i = 25, 45, and 65◦. The
initial position angle of the major axis of the galaxy was fixed at
PA = 45◦. These models do not assume any cause of the appear-
ance of global azimuthal asymmetry, except randomly distributed
errors in the oxygen abundances caused by the finite number of
points in the abundance map (discussed below). Formally we can
consider this case as the case C.
We introduced a random deviation of the position of the
galaxy center ∆X0 and ∆Y0, the galaxy inclination ∆i, and the po-
sition of the major axis ∆(PA). The maximal values of those devi-
ations were chosen to be ∆X0,∆Y0 = ±5 spaxels, ∆i = ±15◦, and
∆(PA) = ±20◦. Those deviations cover the range of the discrep-
ancy between geometrical parameters in the cases A and C for the
bulk of galaxies from our sample (see Fig. 7). Models with non-
zero deviations of the geometric parameters can be regarded as the
case A. The azimuthal asymmetry parameters were calculated for
a set of 160 models. Fig. 9 shows the results of our simulations.
The panels and symbols in Fig. 9 are the same as in Fig. 8. The
discontinuity of the distribution of scatter is attributed to the low
number of the initial values of the scatter; only four initial values
of scatter in the oxygen abundances were considered. The panels a
and d of Fig. 9, where the lowest asymmetries of case A for a given
scatter value are in close agreement with the asymmetries of the
case C, confirm that minimizing the scatter in oxygen abundance
and deviations of the geometric parameters results in minimizing
the azimuthal asymmetry. Comparison between Fig. 8 and Fig. 9
shows clearly that our simulation reproduces the general behav-
ior of the scatter and global azimuthal asymmetry obtained for our
sample of the CALIFA galaxies. It can be considered as evidence
favouring that the values of the global azimuthal asymmetry for
the case A can be caused by the rather small uncertainties in the
geometrical parameters of a galaxy obtained from the analysis of
the photometric map. The obtained range of the global azimuthal
asymmetry for case C can be attributed to the azimuthal asymmetry
in the randomly distributed errors in the oxygen abundances.
To illustrate how uncertainties in the position of the galac-
tic center affected to the global azimuthal asymmetry we consider
NGC 5520 and NGC 6132. We shift the position of the galaxy’s
center along the X or Y axis (while other geometrical parameters
are fixed) and determine the value of the global azimuthal asym-
metry and its azimuthal angle. The left panel of Fig. 10 shows the
value of the global azimuthal asymmetry as a function of shift along
the X or Y axis. This figure demonstrates that the range of the val-
ues of the global azimuthal asymmetry obtained for case A can be
reproduced by the uncertainties in the geometrical parameters of
the galaxies. The right panel of Fig. 10 shows the azimuthal an-
gle of the global azimuthal asymmetry as a function of the shift
along the X or Y axis. This figure shows that in case of a small
global azimuthal asymmetry, small uncertainties in the position of
the galactic center can lead to large uncertainties in the angle of the
global azimuthal asymmetry.
Azimuthal variations of the oxygen abundance across galac-
tic disks were discussed in the literature for several galaxies. The
scatter in oxygen abundance at a given radius was usually at-
tributed to azimuthal variations in the oxygen abundance distribu-
tion. Kennicutt & Garnett (1996) have considered the dispersion
in abundance at fixed radius in the disk of the galaxy M101 us-
ing 41 H ii regions. They found that there is evidence in favor of
a non-axisymmetric abundance distribution. However, they noted
that more data are needed to test whether this asymmetry is real.
Li, Bresolin & Kennicutt (2013) obtained and analyzed the radial
oxygen abundance gradient in the disk of M101 using a sample of
79 H ii regions. They found no evidence for significant azimuthal
variations of the oxygen abundance across the entire disk of this
galaxy.
Rosales-Ortega et al. (2011) found scatter around the O/H –
Rg relation of 0.128 dex in their fiber-to-fiber sample and of 0.070
dex in their H ii region catalog of NGC 628. They concluded that
the physical conditions and the star formation history of different
symmetric regions of the galaxy NGC 628 have evolved in a differ-
ent manner. Berg et al. (2015) detected the auroral lines and mea-
sured direct abundances in 45 H ii regions in the disk of the galaxy
NGC 628. They found that the O/H abundances have a large intrin-
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Figure 10. The value of the global azimuthal asymmetry (left panel) and its azimuthal angle (right panel) for the case A as a function of the shift of the
position of the coordinates of the centre (XO, YO) of the galaxies NGC 5520 (solid lines) and NGC 6132 (dashed lines) along the X (circles) or Y (plus signs)
axes.
0.00
0.01
0.02
0.03
0.04
0.05
0.06
0 500 1000 1500 2000 2500
a
z
i
m
u
t
.
a
s
y
m
.
 
i
n
 
O
/
H
 
(
d
e
x
)
N spaxel
NGC 5520
Figure 11. The value of the global azimuthal asymmetry as a function of
the number of the spaxels in the map. The set of the abundance maps is
constructed on the base of the map of the galaxy NGC 5520 by the random
selection of the spaxels (see text).
sic dispersion of ∼ 0.165 dex. They posit that this dispersion rep-
resents an upper limit to the true dispersion in oxygen abundance
at a fixed galactocentric distance and that some of that dispersion
is caused by systematic uncertainties in the temperature measure-
ments.
Rosolowsky & Simon (2008) found that there is substantial
scatter of 0.11 dex in the metallicity at any given radius in the disk
of the galaxy M33. Bresolin (2011) found that the oxygen abun-
dance gradient in the inner 2 kpc of the M33 disk measured from
the detection of the [O iii]λ4363 auroral line displays a scatter of
approximately 0.06 dex. A large sample of H ii regions assembled
from the literature results in a comparably small scatter (0.05 – 0.07
dex) over the whole optical disk of M33. Bresolin (2011) noted that
this dispersion can be explained simply by the measurement uncer-
tainties. He concluded that no evidence is therefore found for sig-
nificant azimuthal variations in the present-day metallicity of the
interstellar medium of M33 on spatial scales from ∼ 100 pc to a
few kpc.
Croxall et al. (2015) have measured direct gas-phase abun-
dances in 29 individual H ii regions in the disk of the galaxy
NGC5194 (M51). They found an oxygen abundance gradient with
very little scatter (σ<
∼
0.08 dex). They concluded that most of this
scatter can be attributed to random errors and is not caused by an
intrinsic dispersion.
Sa´nchez et al. (2015b) selected and investigated 396 H ii re-
gions in the galaxy NGC 6754. They found evidence of an az-
imuthal variation in the oxygen abundance of about 0.05 dex, which
may be related to radial migration.
The scatter around the O/H – Rg relation obtained here for the
CALIFA galaxies is in the range of ∼ 0.02 to ∼ 0.06 dex, which
is lower than the scatter in galaxies (from ∼ 0.05 to ∼ 0.165 dex)
determined in the above quoted studies. This discrepancy may be
caused by the fact that we select the spectra included in the con-
struction and analysis of the metallicity maps, i.e., we use only
spectra where the ratio of the flux to the flux error is higher than
three for each of the lines used in the abundance determinations.
Can the number of data points influence the obtained value
of the global azimuthal asymmetry in a galaxy? We consider the
galaxy NGC 5520 to examine this problem. The abundance map
of NGC 5520 consists of 2316 spaxels and has a global azimuthal
asymmetry of 0.011 dex in case A. We construct a set of 1000 abun-
dance maps of the galaxy NGC 5520 with a reduced number of
spaxels, randomly selected from the full map of 2316 spaxels. The
value of the global azimuthal asymmetry was determined for each
constructed abundance map. Fig. 11 shows the value of the global
azimuthal asymmetry as a function of the number of the spaxels
in the map. This figure shows that a global azimuthal asymmetry
larger than 0.02 dex appears only when the number of spaxels de-
creases to ∼ 200. Since the number of spaxels in our target galaxies
are usually higher than 200 (see Table A2), the obtained values of
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the global azimuthal asymmetry in the target galaxies cannot be
attributed to too small a number of data points in the maps.
Thus, there is no significant global azimuthal asymmetry for
our sample of the CALIFA galaxies. The values of the global az-
imuthal asymmetry are small and can be attributed to uncertainties
in the geometrical parameters of our galaxies.
3.4 Bends in the radial abundance gradients
We have found that the radial abundance distribution across the
disks of the majority of the galaxies of our sample can be well fit-
ted by a single relation. In a subset of galaxies a bend in the radial
abundance distribution across the disk may exist within the optical
R25 radius. Fig. 12 shows UGC 3253, which is a galaxy with a pos-
sible bend in the radial abundance distribution within the optical
radius. The oxygen abundances in the central part of the galaxy are
systematically lower as compared to the general radial abundance
trend. Possible bends in the radial abundance distributions in other
galaxies (a flattening or lowering in the central part) are reported
in Table A2 (column 11). The decrease of the oxygen abundances
in the central parts of a number of the CALIFA galaxies was first
revealed by Sa´nchez et al. (2014). The nearly flat distribution in the
innermost (<
∼
0.2R25) part of the galaxy NGC 628 was reported by
Rosales-Ortega et al. (2011).
It should be noted that it is difficult to establish the exact value
of the bend point due to the scatter in oxygen abundance values
at any fixed radius and because the overall decrease of the oxygen
abundance in the central part of a galaxy is small, within ∼ 0.1 dex.
Therefore, the break radius reported in Table A2 is an indicator
that there is evidence for a decrease in the oxygen abundance in the
central part of the galaxy rather than the exact value of the bend
point.
The arguments for or/and against the existence of the
break in the radial abundance gradients in the disks of spi-
ral galaxies were discussed in many papers (Vilchez et al.
1988; Vila-Costas & Edmunds 1992; Vilchez & Esteban
1996; Pilyugin et al. 2003a, 2004; Bresolin et al. 2009, 2012;
Goddard et al. 2011; Marino et al. 2012, 2016, among others)
There is consensus is that the change in the radial abundance
gradient can occur near the isophotal radius of a galaxy. The
depressed gas metallicity in the central part of some CALIFA
galaxies noticed by Sa´nchez et al. (2014) is confirmed here.
Further investigations will strengthen or reject this picture.
Thus, there is evidence for a small change in the slope of the
gradient (a flattening or decrease in the central part) in the disks of
a number of galaxies.
4 SUMMARY
We construct maps of the oxygen abundances across the disks of
88 CALIFA galaxies. The oxygen abundances were determined
through the C method using CALIFA DR2 spectra. Hence, here
we use the empirical metallicity scale defined by H ii regions with
oxygen abundances derived through the direct method (Te method).
The position of the center of a galaxy (coordinates on the plate)
were taken from the CALIFA DR2. The galaxy inclination and po-
sition angle of the major axis were determined from our analysis of
r band photometric maps of SDSS data release 9. The optical radii
were determined from the radial surface brightness profiles in the
SDSS g and r bands constructed on the basis of the photometric
maps and converted to the Vega B band.
We examine the global azimuthal asymmetry of the abun-
dances in the disks of our target galaxies. The arithmetic mean of
the deviations from the O/H −RG relation d(O/H)1 for spaxels with
azimuthal angles from A to A + 180 and mean deviation d(O/H)2
for spaxels with azimuthal angles from A+180 to A+360 are deter-
mined for different positions of A. The maximum absolute value of
the difference d(O/H)1 − d(O/H)2 is used to specify the global az-
imuthal asymmetry in the abundance distribution across the galaxy.
The scatter around the O/H −Rg relation for our sample of
CALIFA galaxies is in the range of ∼ 0.02 to ∼ 0.06 dex. There is
no significant global azimuthal asymmetry for our CALIFA sam-
ple. The values of the global azimuthal asymmetry are small, less
than 0.05 dex for the bulk of target galaxies. These values can be
attributed to the uncertainties in the photometry-map-based geo-
metrical parameters of the galaxies, i.e., the uncertainties in the
photometry-map-based geometrical parameters of a galaxy can
make an appreciable (and possibly dominant) contribution to the
obtained values of the azimuthal asymmetry.
We have found that the radial abundance distribution across
the disks of the majority of the galaxies of our sample can be
well fitted by a single relation. However, in eighteen of the galax-
ies in our sample, the oxygen abundances in the central part of
the galaxies are systematically lower as compared to the general
radial abundance trend. Although the decrease is rather well de-
fined, its value is small, within ∼0.1 dex, and can be questioned
taking into account the uncertainties of the abundances in the ref-
erence H ii regions. We note that the decrease of the oxygen abun-
dances in the central parts of a number of the CALIFA galaxies
was first revealed by Sa´nchez et al. (2014) and recently confirmed
by Sa´nchez-Menguiano et al. (2016).
We estimated the geometric parameters of our galaxies (co-
ordinates of the center, inclination and position angle of the ma-
jor axis) from the analysis of the abundance map. The geometri-
cal parameters are determined on the condition that the coefficient
of the correlation between oxygen abundance and galactocentric
distance is maximized or the scatter around the O/H – Rg rela-
tion is minimized. Both these conditions result in the same values
of the geometrical parameters. The photometry-map-based and the
abundance-map-based geometrical parameters are relatively close
to each other for the majority of our galaxies but the discrepancy is
large for a few galaxies with a flat radial abundance gradient.
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Figure 12. UGC 3253 is a galaxy with a possible bend in the radial abundance distribution. The oxygen abundances in the central part of the galaxy are
systematically lower as compared to the general radial abundance trend. The panels and symbols are the same as in Fig. 4.
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APPENDIX A: TABLES
Table A1 lists the general characteristics of each galaxy.
Column 1 gives its name. We have used the most widely used
name for each galaxy. The galaxies are listed in the order of the
name category, with the following categories in descending order:
NGC – New General Catalogue,
IC – Index Catalogue,
UGC – Uppsala General Catalog of Galaxies,
PGC – Catalogue of Principal Galaxies.
Columns 2 and 3 report the morphological type of the galaxy and
the morphological type code T from leda.
Column 4 lists the isophotal radius R25 in arcmin of each galaxy.
We determined the isophotal radius from the photometric maps in
the SDSS g and r bands.
Column 5 gives the isophotal radius in kpc, estimated from the
data in columns 4 and 6.
Column 6 reports the ned distances using flow corrections for
Virgo, the Great Attractor, and Shapley Supercluster infall.
Table A2 lists the obtained properties of the oxygen abun-
dance distributions in the disks of our sample of CALIFA galaxies.
The inferred properties of each galaxy are given in two consecutive
rows. In the first row, we report the geometrical parameters of the
galaxies obtained from the analysis of the photometric map and the
properties of the abundance distribution in the disk of the galaxies
determined with deprojected galactocentric distances of spaxels for
those geometrical parameters (case A in the text and figures). In the
second row, we report the geometrical parameters of the galaxies
obtained from the analysis of the abundance map and the properties
of the abundance distribution in the disk of the galaxy determined
with deprojected galactocentric distances of spaxels for those geo-
metrical parameters (case C in the text). Column 1 gives the name
of the galaxy. We have used the most widely used name for each
galaxy. The galaxies are listed in the same order as in Table A1.
Columns 2 and 3 report the position of the galaxy center on the
CALIFA exposure (the X0 and Y0 coordinates in spaxels).
Columns 4 and 5 give the galaxies’ inclination and the position an-
gle of the major axes.
Columns 6 and 7 list the extrapolated central 12 + log(O/H)R0 oxy-
gen abundance and the radial oxygen abundance gradient expressed
in terms of dex R−125 .
Column 8 reports the scatter of oxygen abundances around the gen-
eral radial oxygen abundance trend within the optical R25 radius of
a galaxy.
Columns 9 and 10 give the global azimuthal asymmetry (maximum
difference between the arithmetic means of the deviations from the
O/H −Rg relation for the opposite semicircle sectors) and the posi-
tion of the dividing line (see panels d in Fig. 4).
Column 11 lists the break radius if a bend in the radial abundance
distribution exists.
Column 12 provides the number of the points in the abundance map
for a galaxy.
Table A1. The adopted general properties of our sample of the CALIFA
galaxies
Name Type T-type R25 R25 Distance
arcmin kpc Mpc
NGC 1 Sb 3.1 0.64 11.47 61.6
NGC 36 SABb 3.0 0.95 22.38 81.0
NGC 171 Sab 2.2 0.99 15.21 52.8
NGC 180 Sc 4.6 1.09 22.39 70.6
NGC 192 SBa 1.1 0.84 13.51 55.3
NGC 237 SABc 4.5 0.75 12.20 55.9
NGC 444 Sc 6.4 0.60 11.33 64.9
NGC 477 Sc 5.0 0.78 17.95 79.1
NGC 496 Sbc 4.0 0.69 16.16 80.5
NGC 776 SABa 2.5 0.77 14.67 65.5
NGC 1542 Sab 2.0 0.60 8.66 49.6
NGC 2253 Sc 5.8 0.77 11.49 51.3
NGC 2347 Sb 3.1 0.84 15.39 63.0
NGC 2410 Sb 3.0 0.87 16.97 66.3
NGC 2730 Sd 8.0 0.78 12.87 56.7
NGC 2906 Sc 5.9 0.84 8.19 33.5
NGC 2916 Sb 3.1 1.07 17.43 56.0
NGC 3381 SBb 3.2 0.93 7.79 22.8
NGC 3614 SABc 5.2 1.41 15.75 38.4
NGC 3811 SBc 5.8 0.86 12.40 49.0
NGC 3994 Sc 4.9 0.57 8.19 49.4
NGC 4185 SBbc 3.7 1.06 18.81 61.0
NGC 4210 Sb 3.0 0.86 10.81 43.2
NGC 4470 Sa 1.4 0.73 8.15 38.4
NGC 4644 Sb 3.1 0.52 11.18 73.9
NGC 5205 Sbc 3.5 0.87 7.82 30.9
NGC 5406 Sbc 3.9 0.92 21.14 79.0
NGC 5520 Sb 3.1 0.80 7.73 33.2
NGC 5614 Sab 1.7 1.09 19.47 61.4
NGC 5720 Sb 3.0 0.68 22.37 113.1
NGC 5888 Sbc 3.8 0.60 22.11 126.7
NGC 5947 SBbc 3.6 0.61 15.62 88.0
NGC 6004 Sc 4.9 0.90 15.92 60.8
NGC 6063 Sc 5.9 0.75 10.19 46.7
NGC 6132 Sab 2.0 0.56 12.46 76.5
NGC 6154 Sa 1.0 0.74 19.09 88.7
NGC 6478 Sc 4.9 0.81 23.05 98.0
NGC 6978 Sb 2.7 0.69 17.18 85.6
NGC 7311 Sab 2.0 0.81 14.80 62.8
NGC 7321 SBb 3.1 0.72 20.50 97.9
NGC 7466 Sb 3.1 0.58 17.26 102.3
NGC 7489 Sc 6.4 0.85 21.04 85.1
NGC 7549 Sc 5.9 0.83 15.65 64.8
NGC 7591 SBbc 3.6 0.79 15.54 67.6
NGC 7625 Sa 1.0 0.81 5.58 23.7
NGC 7631 Sb 3.1 0.77 11.54 51.5
NGC 7653 Sb 3.1 0.77 13.06 58.3
NGC 7716 Sb 3.0 0.96 9.94 35.6
NGC 7819 Sb 3.1 0.78 15.25 67.2
IC 674 Sab 2.0 0.59 18.64 108.6
IC 1199 Sbc 3.7 0.66 14.11 73.5
IC 1256 Sb 3.3 0.69 14.47 72.1
IC 1528 SBb 3.1 0.95 14.26 51.6
IC 2487 Sb 3.1 0.78 14.82 64.3
UGC 5 Sbc 3.9 0.64 18.23 97.9
UGC 809 Sc 5.9 0.49 8.07 56.6
UGC 1057 Sbc 4.0 0.55 13.58 84.9
UGC 1938 Sbc 4.0 0.52 12.83 84.8
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Table A1. Continued
Name Type T-type R25 R25 Distance
arcmin kpc Mpc
UGC 2403 SBa 1.3 0.64 10.20 54.8
UGC 3107 Sbc 4.0 0.45 14.69 112.2
UGC 3253 Sb 3.0 0.70 12.12 59.5
UGC 3969 Sc 5.9 0.44 14.45 112.9
UGC 4132 Sbc 4.0 0.73 15.71 74.0
UGC 5396 Sc 5.8 0.65 15.05 79.6
UGC 5598 Sbc 3.8 0.47 11.36 83.1
UGC 8107 IB 9.9 0.70 24.33 119.5
UGC 8778 Sab 2.0 0.51 7.80 52.6
UGC 9067 Sab 2.0 0.56 18.95 116.3
UGC 9476 SABc 5.2 0.79 12.02 52.3
UGC 9665 Sbc 4.0 0.65 8.04 42.5
UGC 9873 Sc 5.3 0.46 11.28 84.3
UGC 9892 Sb 3.0 0.51 12.63 85.1
UGC 10331 Sb 3.1 0.58 11.34 67.2
UGC 10384 Sab 1.6 0.46 10.24 76.5
UGC 10710 Sb 3.0 0.57 20.05 120.9
UGC 10811 Sab 2.0 0.52 18.83 124.5
UGC 10972 Sc 5.9 0.65 13.35 70.6
UGC 11262 Sc 6.4 0.51 12.18 82.1
UGC 11649 SBa 1.0 0.77 12.39 55.3
UGC 11792 Sc 5.8 0.47 9.27 67.8
UGC 11982 SBc 6.0 0.40 7.82 67.2
UGC 12185 SBab 2.5 0.67 17.76 91.1
UGC 12224 Sc 5.9 0.87 12.33 48.7
UGC 12519 SBbc 4.5 0.68 11.85 59.9
UGC 12816 SABc 5.8 0.65 13.60 71.9
UGC 12864 SBb 3.1 0.74 13.69 63.6
PGC 1841 SBa 1.0 0.77 10.62 47.4
PGC 64373 Sd 8.0 0.63 15.01 81.9
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Table A2. The obtained properties of the oxygen abundance distributions in the disks of the sample of CALIFA galaxies with available abundance maps.
Name Center location i P.A. (O/H)a0 O/H gradient σ(O/H) Maximum azimuthal asymmetry Break Number of
X0 Y0 amplitude angle radius spectra
spaxel spaxel degree degree dex R−125 dex dex degree R25
1 2 3 4 5 6 7 8 9 10 11 12
NGC 1 38 36 45 101 8.61 -0.092 0.029 0.009 138 951
36.7 36.5 61 87 8.61 -0.074 0.024 0.004 12
NGC 36 39 32 63 14 8.62 -0.107 0.033 0.015 102 524
38.9 36.9 55 9 8.64 -0.171 0.035 0.011 75
NGC 171 35 34 20 161 8.67 -0.251 0.040 0.018 6 0.3 480
36.5 35.5 40 75 8.66 -0.204 0.039 0.011 6
NGC 180 35 32 46 165 8.64 -0.198 0.037 0.015 165 906
33.5 33.3 44 3 8.64 -0.192 0.036 0.006 120
NGC 192 38 33 65 168 8.64 -0.148 0.030 0.007 54 553
38.7 34.1 71 158 8.64 -0.158 0.028 0.004 75
NGC 237 35 33 49 179 8.62 -0.302 0.037 0.024 171 0.2 1887
32.9 33.1 45 1 8.62 -0.302 0.034 0.003 48
NGC 444 36 31 75 160 8.49 -0.207 0.050 0.019 51 813
36.9 31.9 71 158 8.49 -0.240 0.050 0.006 48
NGC 477 33 30 57 142 8.63 -0.236 0.045 0.023 9 939
35.3 31.3 56 141 8.63 -0.249 0.044 0.011 39
NGC 496 35 32 54 35 8.60 -0.276 0.047 0.054 18 1033
38.1 33.1 58 33 8.62 -0.336 0.039 0.004 135
NGC 776 39 34 21 55 8.62 -0.075 0.035 0.022 30 1032
32.7 29.7 29 19 8.62 -0.073 0.033 0.007 99
NGC 1542 37 33 66 129 8.56 -0.114 0.029 0.017 78 213
38.9 35.9 72 126 8.57 -0.151 0.027 0.009 27
NGC 2253 40 33 43 127 8.62 -0.120 0.027 0.022 81 1275
41.3 38.3 42 140 8.62 -0.133 0.024 0.003 150
NGC 2347 39 32 52 4 8.67 -0.329 0.038 0.030 162 0.3 1306
36.7 32.9 51 4 8.67 -0.338 0.034 0.005 135
NGC 2410 37 32 72 35 8.62 -0.119 0.025 0.016 123 545
40.5 26.7 75 34 8.62 -0.105 0.024 0.004 120
NGC 2730 38 31 43 86 8.51 -0.146 0.037 0.008 3 2689
36.5 30.9 46 86 8.51 -0.144 0.037 0.004 75
NGC 2906 38 33 55 80 8.61 -0.052 0.021 0.005 99 1574
39.1 33.9 67 73 8.61 -0.044 0.020 0.003 165
NGC 2916 37 33 51 17 8.63 -0.236 0.032 0.009 153 1028
36.5 32.1 45 12 8.64 -0.267 0.031 0.006 156
NGC 3381 38 32 28 80 8.52 -0.191 0.037 0.025 150 2914
33.3 33.9 32 94 8.53 -0.193 0.035 0.003 147
NGC 3614 38 33 55 101 8.59 -0.249 0.030 0.013 156 1218
37.1 34.3 56 100 8.59 -0.254 0.029 0.005 27
NGC 3811 38 33 35 169 8.63 -0.196 0.024 0.007 81 1909
38.3 31.7 37 182 8.63 -0.192 0.024 0.004 84
NGC 3994 37 33 59 7 8.55 -0.059 0.027 0.009 120 1496
36.5 34.1 27 132 8.55 -0.078 0.026 0.007 60
NGC 4185 38 33 49 166 8.61 -0.135 0.036 0.020 144 416
34.9 33.1 66 161 8.61 -0.085 0.034 0.009 21
NGC 4210 39 32 41 96 8.64 -0.192 0.024 0.010 36 1009
38.1 31.5 40 88 8.63 -0.188 0.024 0.005 114
NGC 4470 34 36 48 0 8.47 -0.125 0.036 0.014 42 1680
31.5 35.9 26 20 8.48 -0.167 0.035 0.005 0
NGC 4644 39 34 71 52 8.62 -0.084 0.029 0.011 174 597
37.3 35.3 64 40 8.63 -0.113 0.029 0.003 57
NGC 5205 39 33 54 165 8.55 -0.020 0.036 0.010 93 381
30.5 31.3 58 138 8.56 -0.030 0.035 0.007 84
NGC 5406 37 33 43 122 8.64 -0.147 0.035 0.010 141 1050
38.9 33.5 52 109 8.64 -0.130 0.034 0.006 60
NGC 5520 39 33 59 65 8.60 -0.189 0.032 0.011 171 2316
37.7 32.9 50 70 8.60 -0.218 0.030 0.002 129
NGC 5614 39 33 34 134 8.64 -0.184 0.041 0.014 63 741
41.1 35.3 41 138 8.64 -0.169 0.040 0.006 150
NGC 5720 39 34 47 131 8.62 -0.186 0.048 0.018 168 0.3 344
36.7 33.1 45 112 8.63 -0.204 0.046 0.009 0
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Table A2. Continued
Name Center location i P.A. (O/H)a0 O/H gradient σ(O/H) Maximum azimuthal asymmetry Break Number of
X0 Y0 amplitude angle radius spectra
spaxel spaxel degree degree dex R−125 dex dex degree R25
1 2 3 4 5 6 7 8 9 10 11 12
NGC 5888 38 32 52 154 8.61 -0.098 0.044 0.040 69 299
45.5 44.5 67 149 8.61 -0.067 0.034 0.010 174
NGC 5947 43 36 31 63 8.66 -0.272 0.035 0.015 93 1404
42.5 34.7 30 55 8.66 -0.267 0.034 0.005 45
NGC 6004 38 33 34 87 8.63 -0.161 0.036 0.012 66 1578
36.1 31.5 43 90 8.63 -0.146 0.036 0.006 3
NGC 6063 38 34 56 156 8.58 -0.197 0.043 0.026 150 1795
36.3 35.7 58 149 8.57 -0.176 0.037 0.007 126
NGC 6132 36 34 68 125 8.61 -0.306 0.051 0.046 147 0.2 875
34.3 34.3 69 126 8.63 -0.332 0.044 0.008 93
NGC 6154 39 35 31 153 8.63 -0.152 0.026 0.010 159 438
37.1 37.3 37 143 8.64 -0.175 0.025 0.005 90
NGC 6478 38 34 68 34 8.60 -0.157 0.034 0.014 66 1120
37.3 33.5 71 37 8.59 -0.134 0.034 0.005 114
NGC 6978 38 33 67 128 8.60 -0.077 0.034 0.033 48 176
41.3 38.5 62 126 8.62 -0.141 0.029 0.007 51
NGC 7311 38 33 60 12 8.62 -0.128 0.029 0.011 108 990
38.1 35.7 66 11 8.62 -0.126 0.028 0.001 18
NGC 7321 37 33 46 13 8.62 -0.200 0.033 0.008 81 0.3 1745
36.9 32.3 48 12 8.62 -0.197 0.032 0.003 171
NGC 7466 39 32 66 25 8.57 -0.109 0.032 0.023 123 798
37.7 36.7 59 28 8.56 -0.110 0.029 0.003 96
NGC 7489 38 32 54 160 8.69 -0.628 0.062 0.034 144 0.2 1843
37.7 33.3 59 162 8.69 -0.592 0.058 0.008 117
NGC 7549 38 34 67 18 8.58 -0.092 0.030 0.006 141 895
36.7 34.5 23 164 8.59 -0.177 0.027 0.004 174
NGC 7591 38 33 54 156 8.63 -0.165 0.031 0.014 12 991
36.7 33.7 49 151 8.63 -0.194 0.031 0.004 27
NGC 7625 36 32 30 22 8.59 -0.091 0.028 0.010 156 1620
33.7 32.7 45 136 8.60 -0.101 0.027 0.003 96
NGC 7631 39 33 65 76 8.64 -0.198 0.033 0.009 12 0.2 1017
40.7 32.7 67 75 8.64 -0.184 0.033 0.004 18
NGC 7653 37 33 31 175 8.63 -0.228 0.033 0.010 120 2226
35.9 34.1 21 164 8.63 -0.242 0.032 0.004 162
NGC 7716 37 36 34 41 8.52 -0.058 0.032 0.005 78 1965
35.3 36.9 61 15 8.52 -0.032 0.032 0.004 87
NGC 7819 34 34 55 104 8.60 -0.267 0.050 0.031 99 1184
32.3 32.1 56 92 8.60 -0.269 0.044 0.008 177
IC 674 38 32 66 121 8.59 -0.157 0.045 0.028 141 0.2 386
37.7 33.7 70 120 8.58 -0.120 0.041 0.013 3
IC 1199 38 33 68 164 8.62 -0.139 0.029 0.015 78 771
38.5 35.5 63 162 8.62 -0.164 0.028 0.003 33
IC 1256 38 35 52 92 8.66 -0.273 0.040 0.011 141 1219
37.3 34.9 51 88 8.66 -0.277 0.040 0.008 18
IC 1528 39 33 67 74 8.62 -0.319 0.048 0.017 3 1934
37.5 33.1 66 76 8.62 -0.331 0.047 0.006 162
IC 2487 37 35 75 164 8.61 -0.235 0.038 0.023 150 867
36.5 36.3 76 164 8.61 -0.236 0.034 0.007 60
UGC 5 38 32 60 46 8.59 -0.133 0.032 0.012 126 0.2 1189
36.5 33.9 60 46 8.59 -0.128 0.031 0.005 177
UGC 809 32 31 77 24 8.46 -0.123 0.047 0.038 171 0.3 633
34.1 30.5 72 28 8.48 -0.188 0.040 0.005 75
UGC 1057 36 32 71 152 8.63 -0.312 0.047 0.040 126 0.2 957
35.9 33.7 68 156 8.63 -0.325 0.042 0.008 51
UGC 1938 35 29 73 155 8.62 -0.284 0.045 0.043 60 0.2 679
36.9 31.9 71 155 8.64 -0.338 0.040 0.008 30
UGC 2403 33 32 67 152 8.65 -0.181 0.035 0.029 153 631
31.1 33.1 57 151 8.66 -0.224 0.029 0.005 69
UGC 3107 36 32 76 73 8.60 -0.141 0.030 0.016 162 251
34.9 32.7 74 67 8.59 -0.138 0.026 0.007 129
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Table A2. Continued
Name Center location i P.A. (O/H)a0 O/H gradient σ(O/H) Maximum azimuthal asymmetry Break Number of
X0 Y0 amplitude angle radius spectra
spaxel spaxel degree degree dex R−125 dex dex degree R25
1 2 3 4 5 6 7 8 9 10 11 12
UGC 3253 42 36 55 81 8.72 -0.354 0.031 0.013 57 0.3 622
41.7 35.9 56 79 8.72 -0.352 0.030 0.009 54
UGC 3969 36 32 78 135 8.57 -0.091 0.025 0.006 18 320
36.5 30.9 56 135 8.57 -0.117 0.021 0.004 129
UGC 4132 37 32 73 28 8.63 -0.147 0.021 0.015 72 1041
37.1 33.7 70 29 8.63 -0.169 0.019 0.004 153
UGC 5396 38 31 70 156 8.61 -0.261 0.040 0.034 45 338
36.3 30.5 66 151 8.63 -0.320 0.036 0.010 6
UGC 5598 38 32 73 36 8.56 -0.148 0.033 0.014 18 621
37.1 32.3 69 35 8.56 -0.167 0.032 0.006 156
UGC 8107 39 33 68 52 8.57 -0.203 0.046 0.048 144 851
35.7 35.3 63 40 8.58 -0.232 0.037 0.006 126
UGC 8778 36 32 74 118 8.55 -0.067 0.025 0.019 135 289
37.5 34.9 79 124 8.56 -0.070 0.022 0.004 39
UGC 9067 39 32 62 13 8.66 -0.346 0.045 0.033 162 0.2 980
38.3 32.9 56 11 8.68 -0.400 0.041 0.007 54
UGC 9476 37 33 48 125 8.55 -0.126 0.023 0.008 120 1220
37.9 33.3 53 134 8.55 -0.118 0.022 0.004 114
UGC 9665 38 33 76 143 8.50 -0.086 0.038 0.018 159 970
37.5 32.3 62 112 8.50 -0.092 0.031 0.008 54
UGC 9873 38 35 76 125 8.55 -0.140 0.034 0.022 177 534
37.3 35.7 73 125 8.55 -0.159 0.032 0.005 36
UGC 9892 38 34 73 101 8.59 -0.177 0.028 0.012 105 616
37.5 33.7 72 101 8.59 -0.182 0.027 0.004 54
UGC 10331 38 34 77 142 8.46 -0.167 0.054 0.046 45 1063
35.7 32.5 61 142 8.47 -0.223 0.047 0.008 165
UGC 10384 39 33 76 91 8.59 -0.170 0.042 0.018 87 924
39.1 34.3 57 94 8.60 -0.244 0.041 0.018 3
UGC 10710 39 36 75 148 8.58 -0.134 0.030 0.007 156 835
38.9 36.3 77 148 8.59 -0.133 0.030 0.003 159
UGC 10811 39 33 68 93 8.66 -0.250 0.041 0.020 144 0.4 337
36.7 33.1 70 88 8.68 -0.259 0.040 0.012 87
UGC 10972 37 32 75 54 8.62 -0.237 0.039 0.016 6 0.2 806
35.9 32.7 77 53 8.62 -0.218 0.036 0.008 123
UGC 11262 37 33 68 48 8.57 -0.269 0.064 0.040 114 568
36.3 34.7 60 53 8.58 -0.304 0.060 0.011 60
UGC 11649 38 33 38 70 8.65 -0.231 0.040 0.016 90 0.2 424
38.5 31.1 33 58 8.65 -0.225 0.040 0.005 93
UGC 11792 40 32 77 160 8.56 -0.105 0.030 0.019 177 420
39.3 32.1 79 160 8.56 -0.109 0.028 0.005 60
UGC 11982 39 31 78 169 8.44 -0.122 0.062 0.068 153 309
37.7 33.5 74 164 8.48 -0.205 0.053 0.024 48
UGC 12185 39 33 62 147 8.56 -0.139 0.044 0.011 39 498
37.7 33.3 68 157 8.57 -0.146 0.042 0.009 105
UGC 12224 38 32 24 47 8.59 -0.277 0.038 0.009 96 1069
37.9 32.5 28 28 8.59 -0.274 0.038 0.007 96
UGC 12519 38 33 75 158 8.54 -0.129 0.030 0.024 114 1217
37.7 35.7 71 155 8.55 -0.161 0.028 0.005 69
UGC 12816 39 34 53 140 8.51 -0.336 0.062 0.034 9 716
36.9 32.9 56 144 8.52 -0.328 0.059 0.008 102
UGC 12864 37 35 64 106 8.51 -0.219 0.055 0.025 60 953
35.9 33.7 63 87 8.51 -0.240 0.048 0.010 105
PGC 1841 34 32 66 165 8.59 -0.092 0.030 0.013 138 989
33.1 33.9 70 169 8.60 -0.091 0.029 0.003 93
PGC 64373 39 32 67 159 8.65 -0.242 0.036 0.035 159 1060
37.9 33.5 67 159 8.67 -0.282 0.031 0.005 75
a in units of 12 + log(O/H)
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